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AbstractPlant rhizosphere is the portion of soil which is in direct contact with the plant roots. From the microbiological 
point of view, this area is characterized by strong dynamic of functional groups with high specificity towards the 
substrate available. Spring barley is a crop with high requirements to the composition of the microflora in the rhizosphere, disturbances produced by agronomic inputs affecting the stability of rhizospheric contact interfaces and ultimately the plant growth. Analysis of changes within the microbial community was carried out with the 
purpose of defining the disruptive impact of mineral inputs and potential of zeolite to reduce these disruptions. Microbial functional groups were analyzed on the basis of the CO2 export under the specific conditions of soil 
inoculation on specific substrates over a time period of incubation. Microresp detection plates allow evaluation of a large number of samples under identical conditions of inoculation and the establishment of dynamics of the entire microbial community. The dynamics of the entire microbial communities is stimulated to increase in case of unilateral application of zeolite and zeolite as a buffer for urea fertilization. General growth trend of microbial communities follows proportional the associated application of zeolite with urea. Rhizosphere of barley plants 
is characterized by α-ketoglutaric acid as dominant group in functional microbial community of all experimental variants analyzed.
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INTRODUCTIONUse of fertilizers in agriculture has a positive effect on  production increase, but can manifest itself negatively on the functioning of biogeo-chemical cycles (Adesemoye and Kloepper, 2009, Lareen et al., 2016, Łukowiak et al., 2015). These techniques lead to disruption and environmen-tal degradation in long term. N synthetic inputs momentary increase reserves of inorganic N in soil, but are  subject to high losses if plants and microorganisms fail to capture it (Bowles et al., 2015). Loss of minerals from synthetic fertilizers can reach up to 20-80% in terms of perturbances of translocation to plant roots (Bindraban et al., 2015). The transfer of nutrients to the plant has 
a maximum intensity in the area of rhizosphere, 
interactions located here adjusting the flows of nutrients (Lambers et al., 2009, Ryan et al., 2009). Plant rhizosphere is the portion of soil di-rectly in contact with plant roots and responsible for regulating agro-ecosystem stability (Ehrmann and Ritz, 2014). From the microbiological point of view, this area is characterized by a strong dynam-
ic of functional groups with high specificity to-wards the substrate available and capable of con-verting it to accessible forms to plants (Canbolat 
et al., 2006, Dunbabin et al., 2006). Microflora in this area is susceptible to changes in the level of nutrients reserves, potential stresses affecting the functioning of plant-soil-microorganisms system 
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(Griffiths et al., 2007). Spring barley is a crop with high requirements to the composition of the mi-
croflora of the rhizosphere (Garbeva et al., 2008, Pérez-Jaramillo et al., 2016), disturbances pro-duced by agronomic inputs affecting the stability of contact interfaces inside plant rhizosphere and ultimately, plant growth and development.Article aims to analyze changes within the 
microbial community and defining the disruptive impact of mineral inputs. Zeolite is evaluated as a potential solution to reduce these disruptions and to act as buffer if applied along with mineral inputs. 
MATERIALS AND METHODS  The experiments were conducted using the method of randomized blocks, with eight variants in four replications, located on a phaeoziom argic at ARDS Turda (46°35’31.4”N 23°48’19.8”E). On each variant treatments have been applied with zeolite, urea or various combinations of these. The biological material is spring barley (Hordeum 
vulgare L.), variety Romaniţa. Experimental variants were: V1 – control (unfertilized), V2 – 150 kg ha-1 urea, V3 – 150 kg ha-1 zeolite, V4 – 757 kg ha-1 urea + 75 kg ha-1 zeolite, V5 – 105 kg ha-1 urea + 45 kg ha-1 zeolite.To determine soil microbiological community 
profile the MicroRespTM method was used (Campbell et al., 2003). Microbial functional groups were analyzed on the basis of the CO2 
export, based on specific substrates inoculation in soil, over a period of incubation. Microresp detection plates allow evaluation of a large number of samples under identical conditions of inoculation and establishment of the dynamics for the entire microbial community.
RESULTS AND DISCUSSION  Rhizosphere of barley is characterized by the presence of large populations that decompose 
α-Ketoglutaric acid, dominant in the microbial community of all experimental variants analyzed (Tab. 1). Zeolite applied unilaterally (V3) or in combination with urea (V5), stimulate degradation processes performed by these microorganisms with values of 22.60 - 37.15% higher than those recorded in control community (V1). The strongest increases in microbial functional group are registered to microorganism responsible for the decomposition of D-galactose, zeolite 
increasing their activity. The highest values are observed at the application of an equal amount of zeolite and urea (V4), which shows the character of this fertilizer as buffer. The dynamics of the entire microbial communities (basal respiration = distilled water) is stimulated by unilateral application of zeolite (V3) and zeolite as a buffer for fertilization with urea - V5. Trend of the overall increase in microbial communities follows the associated application of urea with zeolite (V5), most powerful processes being observed in 
γ-aminobutyric acid, L-arabinose, L-malic acid. At the same time, there is an increase in the dynamics of groups which decompose oxalic acid, L-cysteine, N-acetyl-glucosamine and also the decomposition of L-alanine, D-trehalose and citric acid.L-arginine solubilization is strongly reduced by fertilization (Tab. 1), to approximately 65-70% of values recorded in the control community (V1). However - some of D-fructose decomposers are more stimulated by the application of urea in association with zeolite (V4, V5) then the unilateral application of the two fertilizers (V2, V3). A special case is observed in the groups responsible for the decomposition of L-Lysine, which are more sensitive to application of zeolite in amounts equal to urea (V4) than to unilateral application of the two fertilizers (V2, V3). In this case, the reduction of the group is 14%, closer to the value of the unfertilized variant (V1). Dominant community is formed by the decomposers of 
α-Ketoglutaric acid in all experimental variants. As a response to fertilization, the codominant groups in the rhizosphere of barley were highlighted, with obvious differences between variants. For unfertilized plant rhizosphere (V1), 
specific codominant groups were D-fructose, D-glucose and citric acid. In contrast to this kind of community, the unilateral application of urea (V2) and zeolite (V3) induces the establishment of a similar functional community (citric acid, L-malic acid, D-glucose), but act to reduce the presence of oxalic acid group. Obvious differences appear at the application of the two fertilizers (V4 and V5), that 
stimulates both the development of α-Ketoglutaric acid as dominant group in rhizosphere, but also creates prerequisites for development of groups specialized in D-fructose, L-malic acid and citric acid as co-dominants.Response of microorganisms to fertilization produces a strong separation in NMDS plan (Fig. 
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1.). The absence of fertilization (V1) is much more restrictive (p <0.01) on microbial functional asso-ciations compared to unilateral application of urea (U150) or urea+zeolite (U75Z75, U105Z45) capa-
ble of significant (p <0.05) alteration of commu-nities stability (Tab. 2). Zeolite, applied unilater-
ally (Z150) has the lowest disturbing influence on microbial groups - with little effect on the entire functional associations in the rhizosphere.Heterogeneous group that decompose L-argi-
nine is specific in the rhizosphere of unfertilized plnts (V1), but with fertilization increases the size of populations responsible for the decomposition of D-galactose (Fig. 1). The phenomenon of biolog-ical dynamics in soil is explained in the proportion of 88.39%: Axis 1 - 86.37%, Axis 2 - 2.02%. Micro-
bial decomposition of L-lysine slow is sensitive to the combination of the two fertilizers, reducing the size of its populations in the combined recipes. 
At the opposite pole, γ-aminobutyric acid and cit-ric acid groups have a higher sensitivity to the uni-lateral application of the two fertilizers. An impor-tant segment of the rhizosphere (oxalic acid and D-trehalose) are stimulated by applying zeolite in any proportion, both unilaterally and associate.The action of zeolite, applied unilaterally, is reduced on the size of the microbial groups (Tab. 3, Tab. 4), while in equally dose with urea (V4) balances the effect of the fertilizer and 
stimulates significant enhance of the degradation 
of α-Ketoglutaric acid, in the same proportion with the growth of L-cysteine and D-fructose 
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Tab. 1. Dynamic of functional microbial groups in response to fertilization (µg CO2-C g-1 h-1)
Substrate V1 V2 % V3 % V4 % V5 %Distiled water 0.82 0.72 87.80 0.92 112.20 0.79 96.34 1.02 124.39N-acetyl-glucosamine 1.04 0.95 91.35 1.15 110.58 1.14 109.62 1.22 117.31L-arginine 1.07 0.74 69.16 0.74 69.16 0.70 65.42 0.75 70.09
Acid γ-aminobutyric 0.87 0.93 106.90 0.99 113.79 0.99 113.79 1.07 122.99L-lysine 0.84 1.02 121.43 1.02 121.43 0.90 107.14 1.00 119.05L-alanine 0.93 1.20 129.03 1.05 112.90 1.20 129.03 1.40 150.54L-cisteine 0.86 0.94 109.30 0.98 113.95 1.13 131.40 1.13 131.40D-trehalose 1.39 1.50 107.91 1.53 110.07 1.68 120.86 1.74 125.18D-galactose 0.68 1.34 197.06 1.38 202.94 1.64 241.18 1.51 222.06L-arabinose 1.39 1.34 96.40 1.47 105.76 1.63 117.27 1.79 128.78D-fructose 1.83 1.48 80.87 1.77 96.72 2.19 119.67 2.16 118.03D-glucose 1.80 1.92 106.67 1.92 106.67 2.10 116.67 2.10 116.67Citric acid 2.50 2.84 113.60 2.84 113.60 2.89 115.60 2.96 118.40L-malic acid 1.63 1.91 117.18 1.91 117.18 2.17 133.13 2.38 146.01Oxalic acid 1.21 1.18 97.52 1.32 109.09 1.34 110.74 1.58 130.58
α-ketoglutaric acid 3.23 3.30 102.17 3.28 101.55 4.43 137.15 3.96 122.60
Tab. 2. The importance of fertilization in the dynamics of microbial communities
NMDS1 NMDS2 r2 Pr(>r)F0 -0.463 -0.887 0.62 0.005 **U150 -0.247 0.969 0.452 0.032 *Z150 -0.579 0.815 0.036 0.797U75Z75 0.382 -0.924 0.481 0.032 *U105Z45 0.637 0.771 0.492 0.026 *Signif . codes: 0 ‘***’ 0.001 ‘**’ 0. 01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1         Signif . codes: 0 ‘***’ 0.001 ‘**’ 0. 01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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decomposition. Reducing the proportion of zeolite 
in the recipe of fertilizer significantly stimulates the expansion of the vast majority of microbial functional groups.Migration and accumulation of mineral ele-ments in the soil and humus formation are strong-
ly influenced by the interaction of microbial com-munities with the graduation of fertilization (Fig. 2., Tab. 3).Calcium accumulation is a process with sig-
nificant sensitivity (p <0.001) at urea an zeolite in equal amounts, magnesium following a similar 
Fig. 1. Functional microbial communities determined by fertilization
Fig. 2. Interaction fertilizer - microbial community - minerals
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trend but with  much lower restrictions on this type of fertilization. Mobilization of potassium, ammonia and hu-
mi fication processes are more sensitive (p <0.01) in unfertilized soils due to a much lower dimension of all groups of microorganisms.The accumulation, mobilization and immo bi-li za tion of phosphorus in rhizosphere of experi-
mental variants oscillates in reduced limits due to the synergistic activity of all functional groups of 
microorganisms (Tab. 3, Tab. 4). The only signifi-cant restriction is for the group of microorganisms capable of solubilizing L-arginine, whose size is re-duced with the application of fertilizers, leading to a reduced movement of this substrate in soil. Most groups of microorganisms reduce the level of po-
Tab. 3. Sensitivity of mineral elements translocation in soilNMDS1 NMDS2 r2 Pr(>r)P 0.197 0.980 0.294 0.143K -0.909 -0.416 0.754 0.002 **Humus -0.405 -0.914 0.694 0.002 **Ca 0.827 -0.562 0.791 0.001 ***Mg 0.809 -0.588 0.284 0.115N.NO3 0.845 0.535 0.278 0.136N.NH4 -0.640 -0.769 0.570 0.007 **Signif . codes: 0 ‘***’ 0.001 ‘**’ 0. 01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
Tab. 4. Correlation of fertilization and element cycles with microbial functional groups
Carbon source V1 V2 V3 V4 V5 P K Hum Ca Mg N.NO3 N.NH4
Distiled water -0.17 -0.59 0.28 -0.29 0.76 -0.43 -0.19 -0.27 0.49 -0.10 -0.35 -0.03
N-acetyl-
glucosamine
-0.31 -0.75 0.26 0.20 0.60 -0.40 -0.45 -0.34 0.76 0.07 -0.03 -0.13
L-arginine 0.96 -0.22 -0.22 -0.36 -0.16 -0.53 0.77 0.93 -0.32 -0.07 -0.77 0.59
Acid γ-
aminobutyric
-0.65 -0.24 0.10 0.14 0.65 0.14 -0.68 -0.68 0.62 0.19 0.32 -0.51
L-lysine -0.57 0.29 0.29 -0.25 0.24 0.28 -0.25 -0.62 -0.08 -0.23 0.19 -0.24
L-alanine -0.62 -0.18 -0.25 0.22 0.83 0.33 -0.86 -0.65 0.80 0.54 0.44 -0.78
L-cisteine -0.66 -0.29 -0.13 0.53 0.56 0.26 -0.90 -0.64 0.85 0.50 0.59 -0.68
D-trehalose -0.63 -0.24 -0.14 0.40 0.62 0.27 -0.84 -0.63 0.79 0.47 0.51 -0.68
D-galactose -0.94 0.04 0.11 0.49 0.30 0.49 -0.90 -0.90 0.56 0.24 0.79 -0.68
L-arabinose -0.39 -0.52 -0.15 0.31 0.76 -0.01 -0.71 -0.41 0.89 0.47 0.24 -0.53
D-fructose -0.10 -0.72 -0.20 0.53 0.48 -0.23 -0.54 -0.07 0.90 0.50 0.16 -0.29
D-glucose -0.58 -0.16 -0.18 0.46 0.46 0.32 -0.79 -0.56 0.70 0.48 0.56 -0.65
Citric acid -0.38 0.04 0.04 0.11 0.19 0.20 -0.35 -0.38 0.21 0.08 0.27 -0.29
L-malic acid -0.64 -0.15 -0.15 0.29 0.65 0.32 -0.81 -0.65 0.71 0.44 0.49 -0.70
Oxalic acid -0.38 -0.50 -0.02 0.05 0.87 -0.10 -0.59 -0.44 0.77 0.30 0.05 -0.44
α-ketoglutaric
acid
-0.36 -0.30 -0.32 0.70 0.28 0.22 -0.73 -0.30 0.77 0.61 0.57 -0.56
p<0.05 * p<0.01 ** p<0.001
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tassium and humus in the soil, the current level 
being recorded due to significantly heterogeneous segment responsible for the decomposition of L-
arginine. Calcium is translocated significantly due to the activity of most groups of microorganisms. Nitrate and magnesium follow the same trend, but with less impact of microbial communities. Am-monia drastically reduced due to activity of the most functional groups, depending on the group responsible for the decomposition of L-arginine and the level of phosphorus accumulated in soil. These aspects indicate the interdependence of the two circuits in soils planted with barley. Globally, the absence of fertilization maintains microbial activity of all functional groups, but drastically reduce the ability of proliferation for microbial functional groups due to the absence of additional sources of minerals in soil (Tab. 4). The only group stimulated to proliferate in unfertilized soils is the L-arginine, all others being 
restricted. Urea significantly restricts the size of all populations in the soil (distilled water), but the strongest effect occurs on the groups N-acetyl-glucosamine, L-arabinose and D-fructose.
CONCLUSIONZeolite application as a buffer for urea deter-mines a positive effect on microbiological com-munity. Barley grows in soils characterized by 
accelerated decomposition of α-Ketoglutaric acid, zeolite associated with mineral fertilization ac-ting to increase the intensity of these processes. Groups metabolizing L-malic acid, citric acid and D-fructose are codominant in the rhizosphere of spring barley, with strong increases in dimensions for the association of zeolite with urea.
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